with high aromatic content was used to prepare heat-resistant condensed polynuclear aromatic (COPNA)
Heat treatment of furfural extract oil from reduced-pressure route II
Furfural extract oil from vacuum second side-cut was added into a reaction kettle equipped with a thermometer and mechanical stirrer. The reaction kettle was heated to 420 °C for 3 h. A small amount of the light fraction of furfural extract oil was found to have evaporated after heat treatment and the thermally condensed oil was obtained.
Preparations of COPNA resin
The thermally condensed oil, PXG and PTS (with a weight ratios of 75:20:5) were fully mixed in a reactor, and then the mixture was stirred and heated in a nitrogen flow o
Introduction
The synthesis of COPNA resin was firstly reported by with good lubricity, mechanical properties and mouldability, this resin has attracted considerable attention for its potential al, 2010a; 2010b; Tanemura et al, 2011; 2012; Zhao et al, (Nakajima et al, 1995; Nawa, 1996; Nawa and Ohkita, 1997) . Recently, a number of similar raw materials including coal derived and petroleum based mixtures have been successfully used to prepare COPNA resin (Guo et al, 2002; Li et al, oil from reduced-pressure route , commonly used as fuel oil for boilers or for the manufacture of synthetic rubber, is a byproduct of oil refining. With a high aromatic content, narrow molecular weight distribution and low content of heavy metals, furfural extract oil is theoretically considered as an ideal candidate raw material to prepare COPNA resin. route its volatile components. Then, COPNA resin was eventually synthesized through the reaction of the thermally condensed oil and the cross-linking agent (1, 4-benzenedimethanol, PXG), which was catalyzed by p-toluene sulfonic acid (PTS). The resultant resin as well as the raw materials min and kept for 1 h, then heated to 150 o C and held until a the viscosity of this system increased gradually, indicating that the degree of polymerization increased gradually during the reaction.
Characterization
The prepared COPNA resins and the raw materials were For TGA measurements, about 10 mg sample was placed gravimetric analyzer, and heated from room temperature to 900 o C at a heating rate of 10 o The scan frequency of each spectrum was 15 s -1 with a -1
. 1 H-NMR spectrometer was used to characterize the state of different hydrogen in prepared COPNA resins and the raw materials. The solvent used was chloroform, the internal standard label was trimethylphenylsilane, the sweep length was 10,000 Hz, and the resonance frequency was 500 MHz. element analyzer. The structural data of the obtained COPNA formula (Wu et al, 2012a; 2012b) .
Results and discussion

Properties of furfural extract oil and thermally condensed oil
The basic properties of furfural extract oil and its thermally condensed oil are given in Table 1 . We can see that the average molecular weight of furfural extract oil was 273, condensed oil were both higher than those of furfural extract oil. These results showed that polymerization reactions took place during the process of heat treatment. Table 2 shows the elemental analysis of furfural extract oil and thermally condensed oil. After the thermal condensation of furfural extract oil, the total content of other elements was from 1.10 to 1.16, and the f A The results indicated that some ingredients in furfural extract oil can be removed by heat treatment and condensation in this process. Table 3 shows the basic properties of the obtained COPNA resin. Tables 1 and 3 indicate that the residual addition, the average molecular weights in Tables 1 and 3 showed that the average degree of polymerization was around 3.
FT-IR analysis
condensed oil and COPNA resin are shown in Fig. 1 . Peaks at 3,420-3,550 cm -1 in Fig. 1 -1 were possibly generated by the out-ofplane bending vibrations of 2, 3, 4-aromatic C-H. These substitution reaction.
-1 attributed to the C-H stretching vibration in -CH 2 -were weakened in Fig. 1(b) . The peaks between 900 cm -1 and 650 cm
) attributed to out-of-plane bending vibration of C-H in aromatics were weaker than those of Fig. 1(a) . These changes indicated that condensation of furfural extract oil occurred during heat treatment. cm -1 were stronger than those of Fig. 1(b) , indicating the occurrence of the cross-linking reactions between PXG and thermally condensed oil. The peaks in Fig. 1(c) at 1,600 cm -1 attributed to C=C stretching vibration and the peaks between 900 cm -1 and 650 cm -1 belonged to out-of-plane bending vibration of C-H in aromatics were much stronger than those of Fig. 1(b) , indicating that the cross-linking reactions changed the types of aromatic substitution.
3.2.3
1 H-NMR analysis The 1 H-NMR spectra of furfural extract oil, thermally condensed oil and COPNA resin are shown in Fig. 2 . The absorption resonance of hydrogen in aromatic rings. A increased from oil, while there was a distinct decrease in the content of H . This was because -H was mostly located on side-chains, and the decrease in -H demonstrated side-chain cleavage and an increase in polymerization degree, which was in accordance content of H after synthetic reaction, indicating that the aromatics connected with -CH 2 -of PXG.
Mechanism of COPNA resin synthesis
1 H-NMR, elemental analysis and average molecular weight analysis of furfural extract oil, thermally condensed oil and COPNA resin, the average structural parameters, including C T , H T , f A , H AU A T , R A , R N , and C R method. The obtained average structure parameters are shown in Table 5 , in which the S, O and N levels were negligible. The reaction mechanism and averaged molecular structure of COPNA resin are as follows: 
Heat resistance analysis
The thermal decomposition behavior of furfural extract oil, thermally condensed oil, and COPNA resin are shown in even at 50 o C, while the degradation onset temperature of thermally condensed oil was above 200 o C, demonstrating that most light fractions were removed during thermal condensation. Compared with the weight loss of thermally condensed oil, the weight loss of COPNA resin was almost unchanged in the initial stage, and its loss rate was relatively slow after 250 o C in comparison with those of furfural extract oil and thermally condensed oil. When the temperature was raised to 500 o C, the weight left of COPNA resin still condensed oil.
Conclusions
With short side chains, lower steric hindrance, high aromatic content and purity, furfural extract oil from reducedpressure route is selected as raw material for the preparation of COPNA resin. After heat treatment, the polymerization degree has increased and side-chain cleavage occurred and the content of heavy aromatics has increased remarkably. COPNA resin has been successfully prepared from thermally condensed oil with PXG as a cross-linking agent and PTS condensation and polymerization mechanisms, the average molecular structures of raw material and COPNA resin are 1 H-NMR, element analysis and average molecular weight analysis. The degree of polymerization is found to be around 3. The resulting COPNA resin with high heat resistance is a potential binder in carbon material preparation. 
Nomenclatures
